Abstract The purposes of this study were to identify physicochemical properties and evaluate bioactive compound levels and antioxidant characteristics at 30 day intervals during the 90 days of fermentation of gochujang fortified with five different varieties of red pepper: Juktoma pepper (RP1), facing heaven pepper (RP2), Thai chili pepper (RP3), bird's eye pepper (RP4), and red bell pepper (RP5). Physicochemicals properties, including reducing sugar, capsaicin, pH, b-carotene, and color parameters, of gochujang were evaluated. Antioxidant compounds of total polyphenols and total flavonoids were analyzed with antioxidant activities of DPPH and FRAP assays. The results showed that gochujangs (GRP1, GRP5) fortified with RP1, and RP5, had consistently higher values of reducing sugars, total polyphenols, and total flavonoids with antioxidant activities, but lower values of capsaicin, pH, b-carotene, and color parameters as compared to GRP2, GRP3, GRP4 during 90 days of fermentation. GRP5 especially had the highest reducing sugar, amino acid contents, total polyphenols, and total flavonoids with antioxidant activities and the lowest value of capsaicin during the 90 days of fermentation.
Introduction
Gochujang is a fermented soybean-based red pepper paste that has been an integral part of Korean cuisine for more than 300 years. Gochujang is prepared by fermenting a mixed paste of red pepper (Capsicum annuum L.) powder, glutinous rice, salt, meju, and water. Various chemical components of gochujang combine during the fermentation process and affect the qualities of color and pungency from the red pepper: the sweet taste from the degraded carbohydrates, umami taste from the degraded proteins, and salty taste from the salts. Also, gochujang is known to have beneficial health effects, including anti-obesity (Shin et al. 2016) , anti-diabetic (Kwon et al. 2009 ), and anti-cancer effects . The major bioactive effects among the various biological compounds in gochujang are related to both polyphenolic compounds and capsaicin derivatives in meju and red pepper. Meju is a fermented cooked soybean product that contains various types of metabolites and phytochemicals, with decreasing glycosides and increasing aglycones of isoflavones (Yun et al. 2012) . Capsaicin, a key component of red pepper, has also been known to exert antioxidant, anti-inflammatory, anticancer, and anti-obesity effects (Anandakumar et al. 2008; Gannon et al. 2016; Kim and Lee 2014; Zheng et al. 2016; Clark and Lee 2016) .
Many studies have shown the effects of additives on the taste of gochujang (Lee et al. 2011 ), aroma quality assessment of gochujang (Kang and Baek, 2014) ; and the effect of different microflora on the quality improvement of gochujang (Jang et al. 2011; Kim et al. 2008) . However, there is limited information regarding the physicochemical characteristics and antioxidant properties of gochujang fortified with various types of red pepper varieties during the fermentation period. Therefore, the aim of this study was to identify the changes in physicochemical properties and bioactive compounds levels during the 90 days of fermentation of five gochujang samples, each fortified with a different variety of red peppers (Capsicum annuum L.): Juktoma pepper (RP1), Facing heaven pepper (RP2), Thai chili pepper (RP3), Bird's eye pepper (RP4), and Red bell pepper (RP5). The physicochemical properties and bioactive compound levels, including the total polyphenols, flavonoids contents, b-carotene, and capsaicin concentration; were analyzed at 30 days interval. Furthermore, the antioxidant activities of gochujang were evaluated using the 1,1-diphenyl-2-picrylhydrazyl (DPPH) and the ferric reducing/antioxidant power (FRAP) assays.
Materials and methods

Materials and reagents
''Juktoma'' pepper (RP1) from Korea, ''Facing Heaven'' pepper (RP2) from China, ''Thai Chili'' pepper from Thailand (RP3), ''Bird's Eye'' pepper (RP4) from Vietnam, and ''Red Bell'' pepper (RP5) were used in this experiment were from 2015 harvest. RP1 was purchased from a local market in Jungeup agricultural market, Jeollabuk-do, South Korea. RP2 was obtained from a local farm in Kunming city, Yunnan Province, China. RP3 was purchased from Coman International Co. (Hwasung, Korea). RP4 was purchased from Hachannarae Co. (Hwaseong, Korea). RP5 was purchased from a local market, Hongseong-gun, Gangwon-do, Korea. Other materials including waxy rice powder, domestic solar sea salt, and meju powder were purchased at the Jungeup agricultural market. Folin-Ciocalteu's reagent, gallic acid, rutin, DPPH, potassium persulfate, trichloroacetic acid (TCA), and potassium ferricyanide were purchased from Sigma-Aldrich Chemical Co. (St. Louis, USA). All chemicals and reagents used in this study were of analytical grade.
Preparation and extraction
Gochujang samples were prepared based on the method described by Sunchang's gochujang preparation (Jin et al. 2007 ) with a 2-step process of saccharification and fermentation (Table 1 ). In the first step, barley malt was soaked in deionized water overnight at a temperature of 20°C, and then filtered. Glutinous rice powder was added to the filtered barley malt solution while stirring, and then heated at 60°C for saccharification. In the second step, salt was added into the saccharified solution, and then boiled for 30 min. After cooling to 40°C, red pepper powder and meju powder were added and mixed well into the rice paste. The mixed paste, gochujang, was then fermented at 25°C for 90 days in an aerobic incubator (Hanbaek Scientific Co., Bucheon, Korea). Gochujang was mixed with deionized water into semi-liquid at the ratio of 1:3. The samples were extracted thrice with deionized water for 1 h at room temperature in a shaker (NB-101 M Shaker, N-Biotek, Korea). The extracts were centrifuged (4000 rpm, 10 min) and the supernatants were collected. The collected supernatants were stored at -70°C for 2 days and then dried in a freeze-dryer. Finally, the dried extracts were stored at -20°C before analysis.
Physicochemical property
The reducing sugar content of gochujang was analyzed by the 3,5-dinitrosalicylic acid (DNS) method (Miller 1959) . A 0.5 mL sample of gochujang extract was mixed with 2 mL of DNS reagent, followed by incubation at 100°C for 3 min. After cooling, the absorbance at 570 nm was measured. The reducing sugar content (%) was expressed as glucose equivalents. The pH of gochujang was measured by a calibrated pH meter (Orion 3-STAR BT pH meter, USA).
Capsaicin
Capsaicin was extracted from the samples of gochujang by applying the technique described by Collins et al. (1995) . The capsaicin was extracted from a 2.4 g sample of gochujang in 6 mL acetonitrile by heating in a water bath at 80°C for 4 h. The suspended solution was left to cool, added to 9 volumes of high performance liquid chromatography (HPLC) grade water, filtered into a 2 mL glass vial using 0.45 lm syringe filter (Sartorius Stedim Biotech, Germany), and then used for HPLC (Agilent Technologies 1100 series, Palo alto, CA, USA) on ZORBAX Eclipse XDB-C18 (4.6 9 250 mm, 5 lm, Agilent, Santa Clara, CA, USA), associated with UV-Visible detector VWD HP 1100 operating at 338 nm (excitation = 340 nm).
Color parameters
The color values of gochujang were analyzed using a spectrocolorimeter (JS-555, Color Techno System Co. Ltd. Japan) tristimulus color analyzer calibrated with a white porcelain reference plate. The color coordinates of the uniform color space CIE-LAB L Ã , a Ã , b Ã were determined by its reflectance and chromaticity. The L Ã value indicates brightness ranging from black (L Ã = 0) to white (L Ã = 100). The a Ã value indicates redness ranging from -60 (green) to 60 (red) and the b Ã value ranges from -60 (blue) to 60 (yellow). Chroma (C Ã ) was calculated as follows:
Amino acids
For the determination of free amino acids in gochujang, a 3.0 g sample was homogenized at 12,000 rpm for 3 min with 20 mL ice-cold 6.0% (v/v) perchloric acid using ACE homogenizer (Nissei AM-7, Nihonseiki Kaisha Ltd., Tokyo, Japan). The homogenized sample was incubated in an ice bath for 30 min before centrifugation at 3000 g for 10 min. The supernatant was filtered through a Whatman No. 41 filter paper and the pH of the filtrate was adjusted to pH 7.0 using a 33% (W/V) KOH solution. The sample solution centrifuged at 3000 g for 10 min to remove the precipitate of potassium perchlorate. The supernatant was acidified to pH 2.2 with 10 M HCl solution and then diluted to 50 mL with distilled water. Two milliliters of the extract solution was transferred into a clean tube and 1.0 mL of lithium citrate buffer (pH 2.2) was added. The amino acids within the extract solution were determined using HP 1100 liquid chromatograph (Hewlett Packard Wilmington, DE, USA) with a variable wavelength detector VWD HP 1100 operating at 338 nm (excitation = 340 nm). Separation was carried out with a Zorbax Eclipse AAA Rapid Resolution column (150 9 4.6 mm I.D., 5 lm particle size, Agilent Technologies, Palo Alto, CA, USA 0% (23.2-26 min) , was applied at a flow rate of 2.0 mL min -1 . The column was equilibrated for 5 min under initial conditions prior to injection of the next sample. The column temperature was 40°C. In order to determine amino acids in gochujang, pre-column derivatization with o-phthalaldehyde (OPA) was used and 20 lL portions were injected into the HPLC system. Data analysis was performed using Chemstation software (Hewlett Packard, Wilmington, DE, USA).
Antioxidant contents
The total polyphenol content of gochujang was determined according to the method described by Arnous et al. (2001) . Briefly, a 1.6 mL aliquot of diluted gochujang was mixed with 0.1 mL of Folin-Ciocalteu reagent, followed by the addition of 0.3 mL of 1 mol/L Na 2 CO 3 solution. The reaction was then allowed to proceed for 1 min. The absorbance at 765 nm was measured after 20 min at room temperature in the dark. The total polyphenol content was expressed as milligrams of gallic acid equivalents (GAE).
The total flavonoid content was analyzed according to the method described by Shen et al. (2009) . Two mL of deionized water and 0.15 mL of 0.5 mol/L NaNO 2 solution were mixed with 0.5 mL of gochujang, and allowed to react at room temperature for 5 min. Then, 0.3 mL of 0.4 mol/L AlCl 3 Á6H 2 O solution was added and the samples were incubated for 5 min before the addition of 0.3 mL of 1 mol/L NaOH solution. The absorbance was measured at 415 nm after 15 min incubation. The total flavonoid content was expressed as rutin equivalents (RE).
Antioxidant activity
The free radical scavenging activity of gochujang, based on the scavenging activity of the stable DPPH free radical, was determined using the method described by BrandWilliams et al. (1995) with slight modifications. Briefly, 0.2 mL of gochujang was added to 1.0 mL of 0.2 mmol/L DPPH dissolved in ethanol solution. After incubating the solution at room temperature in the dark for 30 min, the absorbance was measured at 517 nm, and the radical scavenging activity was expressed as percent inhibition:
where A C was the absorbance of the control (blank), and A S was the absorbance of the extract. The antioxidant capacity of gochujang was determined using the FRAP (ferric reducing/antioxidant power) assay described by Benzie and Strain (1996) with some modifications. The stock solutions included 300 mmol/L acetate buffers (pH 3.6), 10 mmol/L TPTZ (2,4,6-tripyridyl-s-triazine) solution dissolved in 40 mmol/L HCl, and 20 mmol/ L FeCl 3 Á6H 2 O solution. The working solution was prepared by mixing 25 mL of acetate buffer, 2.5 mL of TPTZ solution, and 2.5 mL of 20 mmol/L FeCl 3 Á6H 2 O solution. Then 0.1 mL of gochujang was added to 0.3 mL of the FRAP solution with 2.7 mL distilled water and then incubated at room temperature in the dark for 30 min. Color changes were then measured at 593 nm and the standard curve was linear between 0 and 200 lmol/L of Trolox. The result was expressed as mmol/L Trolox equivalent per gram of gochujang.
Statistical analysis
All experiments were carried out in triplicate and data were expressed as mean ± standard deviation (SD) using SPSS version 17.0 (IBM Corp., Armonk, NY, USA). One-way analysis of variance (ANOVA) and Duncan's multiple comparison test were used to determine the significance of the difference among samples with a significance level of 0.05.
Results and discussion
Characteristics of red peppers
The weight, length, soluble solids, pH, capsaicin, total polyphenol, and total flavonoid contents of 5 varieties of red peppers are given in Table 2 . The capsaicin content of RP2 (318.85 mg/100 g), RP3 (121.19 mg/100 g), and RP4 (140.88 mg/100 g) were higher than that of RP1 (17.50 mg/100 g), whereas RP5 (0.42 mg/100 g) was the lowest. The total polyphenol content of RP5 (639.38 mg GAE/100 g) was the highest, followed by RP1 (392.89 mg GAE/100 g), RP2 (371.79 mg GAE/100 g), RP3 (339.65 mg GAE/100 g), and RP4 (275.41 mg GAE/ 100 g). The total flavonoid content also showed similar patterns as those of the total polyphenol content. Based on this analysis, RP5 had not only the highest sugar content, total polyphenol and total flavonoid contents, but also the lowest capsaicin content.
Physicochemical properties of gochujang
The reducing sugar content (4.87-9.06%) of gochujang after the preparation speedily increased until 30 days of the fermentation, and then slightly increased up to 60 days of the fermentation (11.40-17.71%) (Fig. 1a) . For the fermentation period, the reducing sugar content of GRP5 was the highest and followed by GRP1; whereas GRP2, GRP3, and GRP4 were the lowest. The reducing sugars are produced from the degradation of starch, which is continuously converted to sugar, alcohol, and acids by an amylase from a natural microflora of meju such as Aspergillus oryzae and Bacillus sp. (Jang et al. 2011) . Cho et al. (2013) have shown that b-glucosidase was produced during the manufacture of gochujang, and that the b-glucosidase activity of gochujang increased during the early period of fermentation and then decreased gradually because it contains salt and pungent compounds like hot pepper capsaicinoids, which may provide an inadequate environment for the growth of microorganisms. The capsaicin contents of gochujang for the fermentation period are shown in Fig. 1b . The capsaicin contents of gochujang after the preparation decreased until 90 days of the fermentation and the capsaicin contents of GRP2, GRP3, and GRP4 were much higher than those of GRP1 and GRP5 during the 90 days of the fermentation. Lee et al. (2015) have shown that the capsaicin content from gochujang decreased during the incubation period by using Aspegillus oryzae as the starter, but new metabolites including Nvanillylcarbamoylbutyric acid, N-vanillyl-9-hydroxy-8-methyloctanamide, x-hydroxycapsaicin, 8-methyl-Nvanillylcarbamoyl-6(E)-octenoic acid, and 2-methyl-Nvanillylcarbamoyl-6(Z)-octenoic acid increased. The pH values of all gochujang samples decreased during the 90 days of the fermentation. On 90th day of the fermentation, the pH values ranged from 4.52 to 4.68 (Fig. 1c) . The salt contents (9.95-10.29%) were almost constant during the 90 d of the fermentation (data not shown). It is well known that b-carotene is not only an effective quencher of singlet oxygen like a protective effect from UV and infra-red radiation, but also a color pigment of yellow-orange like carrots, sweet potatoes, apricots, and red pepper (Freitas et al. 2015) . The b-carotene content of GRP2 was the highest after the preparation of gochujang, and flattened until 90th day of the fermentation after decreasing till the 30th day, whereas the content of GRP5 was the lowest and the patterns were similar when compared to other gochujangs during the fermentation (Fig. 1d) . Panda et al. (2007) showed that the b-carotene content of sweet potato decreased depending on the lactic acid fermentation period. Degradation of b-carotene content in gochujang could also be due in part to the metabolism of bacteria and the environmental conditions such as temperature, pH, and sugar content. Color in gochujang is an important quality factor in consumers' purchase intention. Lightness (L Ã ), redness (a Ã ), yellowness (b Ã ), and chroma (C Ã ) of gochujang were determined during the fermentation period of 90 days (Fig. 2) . GRP2 had the highest values in all color parameters, followed by GRP3 [ GRP4 [ GRP1 [ GRP5. On 90th day of the fermentation, lightness (L Ã value) and yellowness (b Ã value) of gochujang samples overall decreased when compared to gochujangs samples from the day of preparation, while the slightly increasing trend was observed until the 60th day of fermentation (Fig. 2a, c) . The a Ã values of gochujang samples showed decreasing trend up to the 30th of the fermentation, and then increased during the fermentation (Fig. 2b) . Chacón-Ordóñez et al. (2016) have shown the main carotenoids of red bell pepper were b-carotene and capsanthin with various capsanthin esters. Lee et al. (2005) have shown that Korean traditional fermented radish kimchi made with red pepper powder decreased the capsaicin content whereas capsanthin level increased during the fermentation period. In the present results, the decreased a Ã values of gochujang until the 30th day of the fermentation might be positively related with the b-carotene (Fig. 1d ) and the increased a Ã values of gochujang might be positively related to capsanthin (data not present in this result). Chroma (C Ã ) reflects color brilliance or purity with intensity of color saturation. The C Ã values of GRP2, GRP3, and GRP4 were the highest, indicating an increase of saturation until the 60th day of the fermentation, whereas GRP5 progressively decreased until 90th day of the fermentation (Fig. 2d) .
Amino acid changes of gochujang
Changes in the free amino acids of gochujang during the fermentation period are shown in Table 3 . A variety of amino acids were dynamically altered for the fermentation periods. Total amino acids of GRP5 was the highest followed by: GRP4 [ GRP2 [ GRP1 [ GRP3 on 90th day of the fermentation. Contents of sweet taste amino acids (alanine, glycine, serine, threonine) increased in all gochujang samples during the fermentation period. Particularly, alanine content (38.57 mg/100 g to 55.34 mg/ 100 g) of gochujang were the highest among other sweet taste amino acids, followed by threonine (17.44 mg/100 g to 49.57 mg/100 g), glycine (7.17 mg/100 g to 17.11 mg/ 100 g), and serine (3.94 mg/100 g to 10.00 mg/100 g). Schiffman et al. (1981) showed that alanine (1.62 9 10 -2 M) had the lowest threshold than those of other sweet amino acids such as glycine (3.09 9 10 -2 M), threonine (2.57 9 10 -2 M), and serine (2.09 9 10 -2 M). Glutamate content and aspartate, known as umami taste amino acid, increased from 60 to 80 and 15 to 50%, respectively, during the fermentation period. Particularly, GRP5 had the highest concentrations of aspartate (116.09 mg/100 g), glycine contents (17.11 mg/100 g), and higher concentration of glutamate content (73.15 mg/100 g) when compared to GRP1, GRP2, GRP3 on 90th day of the fermentation. Branched-chain amino acids (leucine, isoleucine, valine) and sulfur-containing amino acids (methionine and cysteine) are related with bitter and sulfurous perception (Garbriel and Uneyama 2013). GRP4 had the highest content of branched chain amino acids, and relatively high content sulfur-containing amino acids. The results may be related to the microorganisms and their environmental conditions, such as pungent compounds like capsaicinoids and sugar content.
Antioxidant properties of gochujang
There is increasing evidence that consumption of phenolics and polyphenolics in foods may lower the risk of diseases because of their antioxidant properties (Gharras 2009; Shahidi and Ambigaipalan 2015) . To clarify the antioxidant properties of gochujang during the fermentation GRP1 Gochujang made with RP1 (Juktoma), GRP2 Gochujang made with RP2 (facing heaven), GRP3 Gochujang made with RP3 (Thai chili), GRP4 Gochujang made with RP4 (bird's eye), GRP5 Gochujang made with RP5 (red bell) period, the total polyphenols and total flavonoids contents were evaluated (Fig. 3a, b) . The total polyphenol contents of gochujangs increased during the fermentation period (Fig. 3a) . The total polyphenol content of GRP5 (357.38 mg/100 g) was significantly highest on 90th day of the fermentation than those of other gochujangs in the following order: GRP1 (284.27 mg/100 g) [ GRP2 (278.79 mg/100 g) [ GRP3 (261.77 mg/100 g) [ GRP4 (238.57 mg/100 g). The total flavonoid contents of gochujangs very slightly decreased and flattened during the fermentation period and did not significantly change (Fig. 3b) . The total flavonoid content of GRP5 (9.89 mg/ 100 g) was the highest on 90th day of the fermentation, followed by: GRP1 (8.35 mg/100 g) [ GRP2 (7.41 mg/ 100 g) [ GRP3 (6.70 mg/100 g) [ GRP4 (5.77 mg/ 100 g).
To evaluate the antioxidant activities of gochujang, we performed antioxidant activity measurements such as DPPH radical scavenging activity and FRAP assay. DPPH radical scavenging activity is described by the ability to undergo single electron transfer by two components in the reaction mixture of antioxidants with oxidant, such as DPPH radicals. The assay is also operationally simple and easy to use (MacDonald-Wicks et al. 2006) . The DPPH free radical scavenging activities of all gochujang samples increased during the fermentation period (Fig. 3c) . The DPPH activity of GRP5 (43.19%) was the highest, followed by GRP1 (38.28%), GRP2 (37.59%), GRP3 (34.59%), and GRP4 (31.88%) on 90th day of the fermentation (p \ 0.05). These results were similar to the increase of total polyphenol concentrations and might be related to the characteristics of GRP5, which contains the lowest capsaicin and the highest total polyphenol with total flavonoids (Table 2 ). The FRAP values of GRP5 was the highest among the gochujang samples during the fermentation period, whereas the value of GRP4 was the lowest (Fig. 3d) . These results were similar to those obtained in the DPPH radical scavenging activity and the increase in the antioxidant activities of gochujang samples may be due to the increase in total polyphenols, even though b-carotene and total flavonoid contents decreased until the 30th day of the fermentation period.
Conclusion
In this study, GRP1 and GRP5 had higher values of reducing sugar and antioxidant compounds including total polyphenols and total flavonoids, with antioxidant activities when compared to GRP2, GRP3, and GRP4. The concentrations of capsaicin, b-carotene, and pH of GRP1 and GRP5 were lower compared to those of GRP2, GRP3, and GRP4 during the 90 days of the fermentation period.
The high capsaicin content may be related to hostile environment for the growth of bacteria in gochujang, resulting in difference of physicochemical and antioxidant properties. Particularly, GRP5, shown the lowest capsaicin content, had the highest reducing sugar content and antioxidant activities. GRP5 may be positively related to not only health benefits with high total polyphenols and total flavonoids values, but also savory sensation with high reducing sugar and umami amino acids contents. These results can be utilized in gochujang development with increased antioxidant properties.
